To investigate the occurrence of cytomegalovirus (CMV) pneumonitis in the setting of human immunodeficiency virus (HIV) infection and whether the presence of CMV as copathogen is associated with increased clinical severity or short term mortality in patients with Pneumocystis carinii pneumonia. DESIGN: Retrospective cohort study. SETTING: Tertiary care university hospital. PATIENTS: One-hundred and fourteen HIV-infected homosexual men with pneumonia, followed for a minimum of four weeks. MEASUREMENTS: Clinical indicators of severity of pneumonia, microbiology of bronchoalveolar fluid and relative risk of short term mortality. RESULTS: Only two cases of CMV pneumonitis were found, one together with P carinii. However, 45 of the 86 patients with P carinii pneumonia were co-infected with CMV. No difference in clinical severity was detected between patients co-infected with P carinii and CMV and those with P carinii alone. The relative risk of short term mortality was 3.64 (95% CI 0.82 to 16.18), in patients with co-infection compared with those with P carinii alone. The risk reached statistical significance for patients with earlier stages of HIV infection. CONCLUSIONS: CMV pneumonitis occurs rarely in HIV-infected patients, while CMV co-infection occurs in at least 50% of the cases of P carinii pneumonia. Although no difference in clinical severity was detected, this study suggests that short term mortality from P carinii pneumonia may be increased by CMV co-infection, particularly in patients with earlier stages of the disease. CMV has been reported to be the second most frequent pulmonary pathogen in patients with AIDS (1-3,5,6) with autopsy series that report findings consistent with CMV pneumonitis in nearly 60% of all the cases studied (7-9). Moreover, it is a frequent copathogen with P carinii, having been reported to increase mortality from P carinii pneumonia (PCP) (2,5).
R espiratory infections constitute by far the major cause of morbidity and mortality in patients with the acquired immunodeficiency syndrome (AIDS), with Pneumocystis carinii being the most frequent etiological agent. Several viruses have also been reported as causes of pneumonitis in patients with AIDS and, of these, cytomegalovirus (CMV) is the most important (1) (2) (3) (4) .
CMV has been reported to be the second most frequent pulmonary pathogen in patients with AIDS (1-3,5,6) with autopsy series that report findings consistent with CMV pneumonitis in nearly 60% of all the cases studied (7) (8) (9) . Moreover, it is a frequent copathogen with P carinii, having been reported to increase mortality from P carinii pneumonia (PCP) (2, 5) .
However, the role of CMV as a respiratory pathogen in AIDS has been questioned (10) (11) (12) (13) . Although CMV is found in cultures of bronchoalveolar lavage fluid in 45% to 50% of the HIV-infected patients who undergo bronchoscopy (14) , some investigators have reported that relatively few cases can be firmly characterized as CMV pneumonitis (10, 14, 15) . Moreover, the morbidity and mortality of these patients seem not to be affected by CMV infection (10) (11) (12) 16) . The diagnosis of CMV pneumonitis (as opposed to infection) by current noninvasive diagnostic methods is very unreliable (6, 15, (17) (18) (19) (20) .
In order to evaluate the characteristics of the respiratory CMV infections in patients with human immunodeficiency virus (HIV) infection and to assess whether a positive CMV culture of the fluid was associated with any increase in clinical severity and/or short term mortality from PCP, a retrospective review of 114 episodes of pneumonia in HIVinfected patients was conducted.
PATIENTS AND METHODS
The study was conducted at St Paul's Hospital, a tertiary care level university hospital in Vancouver, British Columbia, after approval from the institutional ethics committee had been obtained. Patients: Patients met the following criteria: first, a diagnosis of HIV infection had either been established previously or was established within one week of bronchoscopy by HIV seropositivity (positive ELISA confirmed by Western blot technique). A Centers for Disease Control and Prevention (CDC) group class was assigned at the time of entry (21) . Second, patients were evaluated by bronchoscopy because of clinical evidence of lower respiratory infection. Clinical evidence consisted of the presence of fever, cough or dyspnea; the presence of physical signs consistent with pneumonitis; and any of hypoxemia, abnormality in the chest radiograph or abnormality in gallium scan of the lungs according to previously published criteria (22) .
The charts of 121 HIV-infected patients (who had experienced a total of 127 episodes of suspected pneumonia) were reviewed. These included all consecutive episodes seen in this population during an eight-month period, after excluding 10 patients in whom bronchoscopy was not performed. Of the 121 patients, seven were excluded because of inadequate follow-up. Of the remaining 114 patients, six had had two episodes of pneumonia during the study period. Since the first of the two episodes was known not to have caused death, it was excluded. In total, 114 episodes in 114 patients were studied. Diagnostic criteria: For the purpose of the study, a diagnosis of CMV pneumonitis required all three of the following: a clinical picture of diffuse interstitial pneumonitis; the exclusion of other pathogens, Kaposi's sarcoma, and lymphoma by bronchoscopy, bronchial washings and brushings and appropriate cultures; and either a cytology with numerous viral inclusions or tissue (open lung biopsy) diagnosis of CMV pneumonitis. When those criteria were not met but the culture was positive for CMV, the patient was considered to have a respiratory CMV infection.
PCP was diagnosed when the characteristic cysts were identified in bronchoalveolar fluid by toluidine blue and methenamine silver stains. A diagnosis of (primary) bacterial infection required the exclusion of P carinii, fungi and mycobacteria; the presence of a predominantly purulent sputum; peripheral neutrophilia; and the isolation of a known pulmonary pathogenic bacterium from cultures of sputum and/or blood. The diagnosis of nonspecific pneumonitis required the exclusion of any microorganism and clinical resolution without specific therapy.
Kaposi's sarcoma of the respiratory tract was diagnosed Bronchoscopy was performed using a fibreoptic bronchoscope under topical anesthesia with a lidocaine solution. The tip of the bronchoscope was placed in a subsegmental bronchus, usually in the lower lobes, and bronchial washing was performed as previously described (23) . Bronchial brushings were also obtained in all cases.
The samples were sent to the laboratory within 15 to 30 mins after collection. Slides were prepared from bronchial brushings and cellular sediment from samples of the fluid. Cells were stained with toluidine blue and Papanicolaou stain, and examined under the microscope by two experienced laboratory technicians. Aliquots from bronchoalveolar fluid were made under sterile conditions and used for fungal, bacterial and mycobacterial cultures. For detection of CMV, centrifugation cultures were done (in duplicate) as per published protocols (24) . Indirect immunofluorescence was used to visualize CMV antigens. A positive culture was determined by the presence of fluorescing nuclei in either one or both of the two vials.
Laboratory data also included chest radiograph, oxygen saturation (by pulse oxymetry) at the time of the bronchoscopy, as well as bacterial and fungal cultures of the bronchial washings and brushings. Additionally, serum lactate dehydrogenase (LDH), gallium scan of the lungs, PaO 2 and alveolar-arterial oxygen gradient were available in a significant number of patients. Follow-up and outcome measures: Follow-up was recorded for a minimum of four weeks after either the end of out-patient treatment or hospital discharge, and completed in all 114 episodes reported here.
Mortality was classified as occurring less or more than four weeks after discharge (for in-patients) or end of treatment (for out-patients). Short term mortality, that is, death before the time limit defined above, was considered to be directly related to the acute respiratory event. This time limit was chosen before both the data gathering and analysis took place.
Patients diagnosed as having PCP were subdivided according to the result of the culture for CMV. Clinical severity and short term mortality were compared between the two resulting groups (PCP with positive CMV culture, and PCP with negative CMV culture) in terms of all available clinical and laboratory data mentioned above, as well as other variables such as need for hospital admission, current or recent (within three weeks of bronchoscopy) zidovudine treatment, duration of hospital stay, days on supplemental oxygen and use of steroids.
In this patient population, steroids were used most frequently 72 h or longer after admission, upon worsening of the clinical picture. Data analysis: Statistical analysis was done with a SAS statistical package, release 6.03 (SAS Institute Inc, North Carolina). Median and ranges are presented when the data were not normally distributed. Two-tailed statistical significance testing was used throughout. The outcome was evaluated by means of the relative risk, with 95% CI. In order to analyze the data according to disease severity, those patients with CDC groups 0, I, II, III, and IVC2 (21) were considered to have 'earlier' HIV-related disease, and those in all other categories of CDC group IV were considered to have 'advanced' disease. Subgroup analysis was done using the conditional maximum likelihood estimate of the odds ratio (with exact 95% CI) as an approximation of the relative risk (25) , using the StatXact statistical package (CYTEL Software Corporation, Massachusetts). χ 2 tests were used in the comparisons that involved categorical variables and the Fisher's exact test, when any cell count in a 2x2 table was less than five. For continuous variables, unpaired t tests were used to compare means when the data were normally distributed and the Wilcoxon rank sum test when they were not.
RESULTS
One hundred and fourteen episodes of pneumonia in 114 patients were analyzed. All the subjects were homosexual men, and most (110 of 114) were Causasian. Table 1 shows 
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Can Respir J Vol 3 No 4 July/August 1996the clinical features and Table 2 the diagnoses and clinical course of these pneumonia cases. Admission to hospital was required in 87 (76%) of the episodes of pneumonia, and steroids were used in 30 (26%) cases. CMV cultures were positive in 57 (50%) of the episodes. Patients with previouly diagnosed cutaneous Kaposi's sarcoma were more likely to have a positive CMV culture (13 of 57 versus four of 57, P=0.02). As expected, P carinii was the leading cause of pneumonia, found in 86 cases (72.5% of the studied episodes). Only two cases met the study criteria for CMV pneumonitis, one of which was in association with PCP.
Of the 86 patients with PCP, 45 were co-infected with CMV. Table 3 shows a comparison of some of the clinical data between PCP patients who were co-infected with CMV and those who were not. The two groups were comparable, and there was no difference in the number of patients who had received zidovudine treatment (recent or current) or PCP prophylaxis (with oral or inhaled regimens). Except for room air oxygen saturation at the time of bronchoscopy (P=0.04), no significant differences were found in any of the indicators of clinical severity of the pulmonary inflammation. Short term deaths occurred in eight of 45 PCP patients positive for CMV (seven of eight were due to respiratory failure), and in two of the 41 PCP patients negative for CMV (both from respiratory failure). The relative risk of short term mortality between the two groups of PCP patients was 3.64 (95% CI 0.82 to 16.18) .
Subgroup analysis based on CDC group classification (Table 4) revealed that the excess short term mortality was limited to the subgroup with earlier forms of HIV-related disease, as opposed to that with full-blown AIDS. In the former subgroup, the odds ratio for short term mortality was infinity for both respiratory and all-cause deaths, with a lower 95% exact CI limit of 1.5. In the subgroup with advanced HIV disease, on the other hand, the odds ratios for short term mortality was 1.12 (95% exact CI 0.11 to 15.02).
Irrespective of their CMV co-infection status, for nine of the 10 patients with PCP who died, the episode under study was their first. Most had not been (currently or recently) on zidovudine (eight of 10), and practically all of them had steroids added to their treatment (nine of 10) as respiratory insufficiency worsened.
The remaining 28 patients who did not have PCP were, as expected, clinically less severely compromised (eg, significantly lower serum LDH and higher oxygen saturation; data not shown). Respiratory CMV infection correlated with the presence of cutaneous (P=0.005) and respiratory (P=0.040) Kaposi's sarcoma, but was not associated with short term mortality.
DISCUSSION
In agreement with previous studies (14) , the results of our study demonstrate that CMV infection of the respiratory tract is very common in HIV patients, more so in those with previously diagnosed cutaneous Kaposi's sarcoma (26, 27) . CMV pneumonitis, on the other hand, seems to be infrequent. In our study population (essentially all HIV-infected homosexual men), the results also suggest that a positive CMV culture from fluid may be associated with an increased short term mortality from PCP. The increased risk of death from CMV co-infection in patients with PCP seemed to be limited to those individuals in CDC classes 0 to III and IVC2, as opposed to those in other group IV categories. We did not detect any evidence of increased clinical severity by any of the standard indicators used, on presentation and/or before the bronchoscopic procedure, except for oxygen saturation.
In assessing whether the finding of a CMV-positive bronchoalveolar fluid culture was associated with a worse prognosis of PCP, we considered severity on presentation and short term mortality more appropriate than long term mortality. The latter is very likely to reflect the combined effects of multiple infectious and noninfectious complications characteristic of AIDS, and survival analysis of our cohort (Kaplan-Meier method; data not presented) confirmed this assumption. That an increased short term mortality in patients with CMV respiratory co-infection is suggested, but an increased clinical severity was not detected, may be explained by the fact that clinical severity was only assessed on presentation and before bronchoscopy, and that the only clinical end-point assessed after bronchoscopy was mortality.
Although the CDC classification was not intended to be a staging system, it is reasonable to assume less compromise in patients with stages 0 to III and IVC2 (oral candidiasis in our patients), than in those in other group IV categories. Any misclassification would have been expected to be random, and thus to decrease the measure of the association (ie, favouring the null hypothesis).
Our results on the association of respiratory CMV infection with prognosis of PCP generally agree with those of Stover et al (5) , although that group reported a seemingly stronger effect of CMV co-infection on PCP mortality. There are some differences between their study and ours which may account for this. Our sample of cases with PCP was considerably larger (86 versus 35), as was the proportion of patients co-infected with CMV (50% versus 37%). Mortality, however, was much higher in their group of patients (43% versus 11.6%) and their number of cases of CMV pneumonitis (eight) was larger than ours (two). One possible explanation for this last discrepancy is that their definition of CMV pneumonitis was clearly less stringent than ours; that study equated positivity of CMV culture in bronchoalveolar fluid with CMV pneumonitis, in at least some of their cases. Additional probable differences are the greater heterogeneity of their study group (eg, risk factors for HIV disease) and the patient referral basis of the two studies. Of any group in society, homosexual men have had the highest prevalence of CMV seropositivity, and this may need to be taken into account in future studies of the natural history of CMV infection in HIV patients.
Our study also differs from others (10, 11, 16 ) that have not corroborated Stover's findings, and several design issues may have accounted for this. The prevalence of CMV infection in the sample populations in two of those studies (19% and 36%) (10, 16) was lower than in ours, and the resulting comparison groups were fairly uneven with very small groups of PCP with positive CMV culture of bronchoalveolar fluid. Mortality was lower than in our series in two of those studies (10, 11) , and this is very likely to have prevented the detection of a difference in outcome. Besides, sample size was smaller in the study by Miles et al (11) and, in a recent reanalysis of their past experience, these investigators seem to be revising their conclusions (28) .
The limitations of the current noninvasive diagnostic methods (culture techniques and cytology of fluid samples) may also contribute to the rarity of CMV pneumonitis diagnoses. A noninvasive quantitative test is needed that can reliably point to an uninhibited viral replicative cycle, with high copy numbers of virus, which very likely characterizes severe CMV pneumonia for which treatment could be indicated.
The spectrum of clinical presentation of CMV respiratory infections in HIV-infected patients appears to be broader than what is usually expected from this pathogen. In the setting of HIV infection, and for reasons that are not clear, CMV often causes a subclinical chronic respiratory infection and only occasionally severe pneumonitis. It has been hypothesized that CMV pneumonitis requires an active immune response (10, 29) . If this proves to be true, it could help explain the higher mortality in PCP and CMV co-infected patients with earlier HIV disease observed in our study.
Although ours and other clinical studies suggest that CMV frequently has a pattern of chronic infection in the respiratory tract of HIV patients, autopsy studies (7-9) have documented CMV pneumonitis in 60% of AIDS patients. It is usually considered that active CMV pneumonitis more frequently represents a reactivation of a latent disease rather than a primary infection (30) . In the case of HIV-infected homosexual men, a reactivation of the CMV infection may occur as a preterminal event in the course of PCP and this may indeed contribute to the death of a significant number of patients. That preterminal reactivation would explain the failure to detect any evidence of more severe compromise in co-infected patients at the time of the initial clinical evaluation. Furthermore, this respiratory co-infection with CMV and P carinii may affect short term mortality from pneumonia only in a subset of patients who at present we can only characterize as those with earlier stages of the disease. The importance of recognizing this fact relates to the potential to decrease further mortality from pneumonia in AIDS with treatment for CMV in some patients. If that goal is to be realized, closer clinical and pathological correlation and improved diagnostic techniques (rapid, noninvasive and quanti- 
